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1. Field of the Invention Signature 



The present invention relates to an image display device in which a plurality of 
pixels are arranged in matrix and a testing method of the image display device. 

In recent years, image display devices such as a liquid crystal display (LCD) and 

10 an electro luminescence (EL) display have been advanced in high-resolution and the 
degree of integration of elements has been remarkably improved as well. 

It is an essential part of the production line of image display device to test if a 
circuit implemented on a substrate operates normally before shipment of a finished 
panel. The test process itself has been becoming more complicated in accordance with 

15 the high-resolution of the image display device. 

FIG. 2 shows a configuration diagram of an image display device on which a 
test circuit using a conventional art is implemented. On a substrate 201, a test circuit 
211 is mounted and a pixel 204 is arranged in matrix, a data signal line (a source bus 
line) 205 and a scanning line (a gate bus line) 206 are arranged so as to be orthogonal to 

20 each other, each scanning line 206 is connected to a gate driver circuit 203, and each 
data signal line 205 is connected to a source driver circuit 202 (see Patent Document 1). 
Note that reference numeral 213 denotes an analog switch, 214 denotes a testing line, 
and 215a and 215b denote testing terminals. 

In the above-described display device, each scanning line 206 controls each 

25 pixel. Video signals are sequentially taken into the source driver circuit 202 and all the 
video signals are outputted simultaneously to each data signal line 205 in accordance 
with the input of a latch signal, and then inputted to each pixel. 

A short circuit between wirings and a broken wiring of the display device can be 
detected by a method of checking an output by bringing a probe pin into contact with 

30 the testing terminal 215a provided at the edge of the scanning line 206 or by a method 
of using the testing circuit 211 at the edge of the data signal line 205 (see Patent 
Document 1, for instance). In the case of testing the data signal line 205 by using the 
testing circuit, a testing pulse is inputted to a video signal line 207 and an output 
waveform from the analog switch 213 is observed in accordance with the output from 

35 the testing terminal 215b. Defects such as a broken wiring can be easily detected by 
comparing the testing pulse with the output value. 
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An object of such a test is to minimize the defects which can be detected only in 
performing the display operation of a finished panel after assembling a substrate of an 
image display device. Consequently, the yield of panels is improved and a unit cost 
thereof can be reduced. Even though a substrate is occupied by an additional area 
5 which is not used for displaying an image as a result of forming a test circuit, the unit 
cost of a panel can be eventually reduced because defects on the panel are detected 
before assembling. 

[Patent Document 1] 
10 Japanese Patent Laid-Open No. 2002-116423 

However, the above-mentioned testing method only tests the operations of the 
source driver circuit 202 and the data signal line 205, and is not sufficient for testing a 
latch circuit. In the above-mentioned testing method, each data signal line 205 is 

15 tested one-by-one by inputting the testing pulse to the video signal line 207 and 
sequentially driving a switch driver circuit 212. Therefore, if the latch circuit does not 
operate normally and a preceding signal is left in the data signal line, such a defect can 
not be detected, thus the testing method is not sufficient. 

It is the object of the invention to provide an image display device in which a 

20 source driver circuit and a data signal line can be tested with test of a latch circuit. It is 
a further object of the invention to provide a testing method of the image display device. 

SUMMARY OF THE INVENTION 

25 In the invention, a NAND circuit is added to an image display device and 

connected in series. Accordingly, defects of a data signal line such as a broken wiring 
will be tested simply and accurately as well as defects of a latch circuit, and even the 
location of defects will be detected if any. 

An image display device according to the invention comprises a plurality of 

30 pixels which are arranged in matrix, a data signal line and a scanning line which are 
arranged between the plurality of pixels in longitudinal and lateral directions and 
connected to the plurality of pixels, and driver circuits which control respectively the 
data signal line and the scanning line, and the image display device is characterized in 
that the driver circuits and the pixels are connected to a testing circuit through the data 

35 signal line, the testing circuit includes a plurality of NAND circuits connected in series, 
each of the data signal lines is connected to any one of input portions of the plurality of 
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NAND circuits, and an input portion of the head of the NAND circuits connected in 
series is connected to a power source voltage and an output portion of the tail of the 
NAND circuits connected in series is connected to a testing terminal. 

A testing method of an image display device according to the invention 
5 comprises a plurality of pixels which are arranged in matrix, a data signal line and a 
scanning line which are arranged between the plurality of pixels in longitudinal and 
lateral directions and connected to the plurality of pixels, and driver circuits which 
control respectively the data signal line and the scanning line, and the testing method of 
the image display device is characterized in that the driver circuits and the pixels are 

10 connected to a testing circuit including a plurality of NAND circuits connected in series 
through the data signal line, each of the data signal lines is connected to respective input 
portions of the plurality of NAND circuits, an output portion of the testing circuit is 
connected to a testing terminal, an input portion of the testing circuit is connected to a 
power source voltage, a testing pulse is inputted to the testing circuit, and a square wave 

15 signal is supplied to the output of the testing terminal in accordance with the input of 
the testing pulse. 

A testing method of an image display device according to the invention is 
characterized in that the testing pulse is outputted to the data signal line in accordance 
with the input of a video signal. 

20 A testing method of an image display device according to the invention is 

characterized in that the testing pulse is a High signal in all the data signal lines and is 
switched sequentially to a Low signal. 

A testing method of an image display device according to the invention is 
characterized in that all the testing pulses are inputted simultaneously to the NAND 

25 circuits connected in series. 

According to the above-described configuration, when the data signal line has a 
defect, for example when the data signal line does not operate based on the output from 
a latch circuit due to a broken wiring or a short circuit, a certain output level is 
maintained until switching the data signal line from High to Low is conducted past the 

30 defective point. On the other hand, when the latch circuit has a defect, a certain output 
level is not changed in switching the data signal line from High to Low at a defective 
point. Accordingly, the location of the defective point can be detected with pinpoint 
accuracy by observing the testing output. 

According to an image display device and a testing method of the image display 

35 device of the invention, NAND circuits are added and connected in series. Therefore, 
defects of the data signal line such as a broken wiring and operations of a latch circuit 
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are tested simply and accurately, and even the location of defects will be detected if any. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIGS. 1A and IB are diagrams showing an embodiment mode of the invention. 

FIG. 2 is a configuration example of a conventional image display device and a 
testing method thereof. 

FIGS. 3A and 3B are diagrams showing an embodiment of the invention. 
FIGS. 4A and 4B are diagrams showing a potential level of a testing circuit. 
10 FIGS. 5A and 5B are diagrams showing a potential level of a testing circuit. 

FIGS. 6 A to 6E show electronic devices to which a semiconductor device of the 
present invention is applied. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 

The invention will be hereinafter explained in details with reference to an 
embodiment mode. 

FIG. 1A is a testing circuit according to an embodiment mode of the invention. 
The testing circuit is structured by a NAND circuit 101 having two input portions 

20 connected in series. An input portion of the NAND circuit is connected to a data 
signal line SI, S2, Sn, one-by-one. A NAND circuit to which a power source 
voltage VDD is inputted is referred to as the head, another NAND circuit whose output 
portion is connected to a testing terminal is referred to as the tail for convenience. 

Explanation is made on a testing method. The testing circuit as shown in FIG. 

25 1A is formed on a substrate. Each of the data signal lines SI, S2, Sn is connected 
to a pixel portion one-by-one. A potential of a testing pulse is outputted to each data 
signal line and an output signal OUT is observed to conduct a test. FIG. IB is a timing 
chart of testing pulses VI, V2, Vn, a latch signal, and an output signal OUT. The 
testing pulses VI, V2, Vn are outputted to the data signal line simultaneously with 

30 the input of the latch signal, therefore, the output signal OUT is inverted when the latch 
signal is inputted. 

In present testing method, a High signal is inputted as to all the testing pulses VI, 
V2, Vn in an initial state of the test (period 0). In inputting a first latch signal, the 
output signal OUT is Low when the number of data signal lines is odd, and High when 
35 the number of data signal lines is even. During the next period (a first state, period 1), 
a Low signal is inputted only to the testing pulse VI inputted to the head NAND circuit. 
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During the following periods (period 1.... period (n)), the testing pulses are changed 
from High to Low sequentially toward the tail NAND circuit with every input of the 
latch signal. Finally, the latch signal is inputted n+1 times in all. In such a manner, 
the output signal OUT is switched between High and Low with every input of the latch 
5 signal as shown in FIG. IB. If the output signal OUT is not inverted when a latch 
signal is inputted, a defect can be detected in a latch circuit including a data signal 
corresponding to the pulse changed to Low. 

A method of detecting a defect is explained in detail with reference to FIGS. 4 A 
and 4B. The testing pulses VI, V2, Vn are inputted to respective input portions of 

10 the testing circuit at the timing of the latch signal through respective data signal lines SI, 
S2, Sn as shown in FIG. 4A. Each output of the NAND circuits in the testing 
circuit is Ol, 02, On, and the output of the tail NAND circuit On corresponds to the 
output signal OUT. The state of these signals is shown in FIG. 4B (1 and 0 denote a 
High signal and a Low signal, respectively). 

15 States 401 to 406 in FIG. 4B show potential levels in a normal state after the 

input of the latch signal. A High signal is inputted to all the testing pulses VI, V2, 
Vn, and n is an odd number, therefore, a testing output On is Low in state 401, for 
example. 

States 501 to 506 in FIG. 5A show potential levels in the case of a broken wiring 
20 in a fourth data signal line (only Low level). In an initial state of the test 501, a defect 
is located in an even-numbered data signal line, therefore, the potential level in the 
testing output On is the same as that in the normal state 401 in FIG.4B. However, as 
the potential level in the testing output On is not changed in a first state 502 and a 
second state 503, a defect can be detected. The change of the potential level in the 
25 testing output On can be observed from a fifth state 506, and by observing this change, 
the location of broken wiring can be detected. 

States 507 to 512 in FIG. 5B show potential levels in the case where the fourth 
data signal line is short circuited to a power source voltage (only High level). In a 
fourth state 511, since a defect is located in an even-numbered data signal line, the 
30 potential level in the testing output On is different from that in the normal state of 
FIG.4B. As the change of the potential level can be observed from a sixth state 513, 
the location of broken wiring can be detected by observing this change of the potential 
level. 

The above-mentioned testing circuit is characterized in that all the data signal 
35 lines are inputted simultaneously. Therefore, the change from High to Low is not 
occurred when the preceding data is left in the latch circuit due to a defect, and the 
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potential level in the testing output On is not changed, thus the location of the defect can 
be detected. 

Embodiment 1 

5 

Explanation will be hereinafter made on an embodiment of the invention. 
FIG. 3A shows an embodiment of the invention. An image display device 
includes a substrate 301, a source driver circuit 302, a gate driver circuit 303, a pixel 
304, a data signal line 305, a scanning line 306, a video signal line 307, and a testing 

10 circuit 308. These circuits may be formed with thin film transistors. The thin film 
transistors may be manufactured by the methods disclosed in U.S. Patent Application 
publication No. 2001/0035526 filed by Yamazaki et al. on April 24, 2001 although not 
limited thereto. The entire disclosure of the U.S. Patent Application publication No. 
2001/0035526 is incorporated herein by reference. The testing circuit 308 is placed 

15 opposite to the source driver circuit 302, each data signal line 305 is connected to 

respective input potions of NAND circuits with two input portions, and each NAND 
circuit is connected in series. A power source voltage VDD is inputted to the head 
NAND circuit and an output portion of the tail NAND circuit is connected to a testing 
terminal. In the present invention of this embodiment, video signals are sequentially 

20 taken into a first latch circuit and then, inputted to a second latch circuit. After all the 
video signals are taken into the second latch circuit, they are inputted to the data signal 
line 305 in accordance with a latch signal. Accordingly, the data signal line is tested 
by inputting testing pulses VI, V2, Vn and the latch signal and observing the output 
signal OUT. 

25 The testing pulses are inputted to each video signal line 307, and a High signal is 

inputted to all the data signal lines 305 in an initial state of the test. The output signal 
is changed depending on the number of data signal lines: a Low signal is outputted 
when the number is odd and a High signal is outputted when the number is even. The 
testing pulses are inputted to the testing circuit simultaneously with the input of the 

30 latch signal, therefore, the testing pulses are changed from High to Low toward the tail 
NAND circuit with each input of the latch signal to conduct the test. A square wave 
signal is outputted at this time. 

Defects such as a broken wiring and a short circuit can be detected when the 
output signal OUT is maintained High (or Low) after inverting from the initial state and 

35 a square wave signal is observed in the state after the defective point. Switching of the 
square wave signal between High and Low is conducted simultaneously with the input 
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of the latch signal. 

FIG. 3B shows an output signal OUT in the case of detecting a defect in a latch 
circuit. In FIG. 3B, a High signal is outputted with the input of a first latch signal (an 
initial state of the test), therefore, the number of data signal lines is confirmed as even 
5 (if the number is odd, it means there is a defect). The output signal OUT is inverted in 
inputting the next latch signal, it is found that there is no defect such as a broken wiring 
and a short circuit. 

In FIG. 3B, however, the output signal OUT is not changed to Low in a third 
state and normal square wave signals reappear from a fourth state. In such a case, it 

10 can be confirmed that there is a defect in the latch circuit. Normally, the signal 
changed from High to Low has to be inputted to the third data signal line in the third 
state, but the signal is not completely changed to Low in this case, therefore, a Low 
signal is not supplied to the output signal OUT. Seeing that a normal output signal 
OUT is detected from a fourth state, it is confirmed that a latch circuit connected to the 

15 third data signal line operates normally in the fourth state (as a Low signal is inputted to 
the third data signal line in the fourth state, the signal is completely changed to Low in a 
second input). 

When taking in (writing in) a data inputted from a video signal line, the data 
needs to be maintained before the timing of taking in the data (setup time), and the data 
20 needs to be maintained for a certain amount of time after the timing of taking in the data 
(hold time). In the case of increasing the driving frequency of the shift register, the 
time for taking in the data needs to be shortened. Whether a data is taken in accurately 
or not can be tested by using the testing circuit of the invention. 

25 Embodiment 2 

In this embodiment, examples of electronic devices mounting the 
semiconductor device which is applied to the testing circuit of the present invention are 
described with reference to Figs. 5A to 5E. 

Fig. 5A is a laptop personal computer manufactured according to the present 
30 invention. The laptop personal computer includes a main body 3001, a casing 3002, a 
display portion 3003, a keyboard 3004, and the like. 

Fig. 5B is a portable information terminal (PDA) manufactured according to 
the present invention. The portable information terminal includes a main body 3021, a 
display portion 3023, an external interface 3025, operation keys 3024, and the like. As 
35 an attachment for operation, a stylus pen 3022 is shown in Fig. 10B. 

Fig. 5C is a video camera manufactured according to the present invention. 
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The video camera includes a main body 3031, a display portion 3032, an audio input 
section 3033, operation keys 3034, a battery 3035, an image receiving section 3036, and 
the like. 

Fig. 5D is a cellular phone manufactured according to the present invention. 
The cellular phone includes a main body 3041, a display portion 3044, an audio output 
section 3042, an audio input section 3043, operation keys 3045, an antenna 3046, and 
the like. 

Fig. 5E is a digital camera manufactured according to the present invention. 
The digital camera includes a main body 3051, a display portion A 3057, an eye piece 
portion 3053, operation keys 3054, a display portion B 3055, a battery 3056, and the 
like. 
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